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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to an exhaust emission control system for an internal combustion engine, and 
more particularly to an exhaust emission control system including a nitrogen oxide removing device for removing ni- 
trogen oxides and for determining deterioration of the nitrogen oxide removing device. 

[0002] In the case of setting the air-fuel ratio of an air-fuel mixture to be supplied to an Internal combustion engine 
in a lean region with respect to a stoichiometric ratio (i.e., in the case of carrying out a so-called lean operation), the 
10 emission amount of nitrogen oxides (which will be hereinafter referred to as B NOx") tends to be increased. To cope 
with this, a known technique for exhaust emission control includes providing an NOx removing device containing an 
NOx absorbent for absorbing NOx in the exhaust system of the engine. The NOx absorbent has a characteristic that 
in the condition where the air-fuel ratio is set in a lean region with respect to the stoichiometric ratio and the oxygen 
concentration in exhaust gases is therefore relatively high (the amount of NOx is large) (this condition will be hereinafter 
is referred to as "exhaust lean condition"), the NOx absorbent absorbs NOx, whereas in the condition where the air-fuel 
ratio is set in a rich region with respect to the stoichiometric ratio and the oxygen concentration In exhaust gases is 
therefore relatively low (this condition will be hereinafter referred to as "exhaust rich condition"), the NOx absorbent 
discharges the absorbed NOx. The NOx removing device containing this NOx absorbent is configured so that NOx 
discharged from the NOx absorbent in the exhaust rich condition is reduced by HC and CO and then exhausted as 
20 nitrogen gas, while HC and CO are oxidized and then exhausted as water vapor and carbon dioxide. 

[0003] As emission control means, a three-way catalyst having oxidizing and reducing functions is also widely used, 
and an exhaust emission control system including such a three-way catalyst in addition to an NOx removing device is 
known from EP 0 903 478 A as the generic document. The three-way catalyst is arranged upstream of the NOx removing 
device in the exhaust system. This exhaust emission control system further includes two air-fuel ratio sensors respec- 
ts tively arranged upstream and downstream of the NOx removing device. In this exhaust emission control system, the 
deterioration of the NOx removing device is determined according to outputs from the two air-fuel ratio sensors when 
changing the air-fuel ratio from a lean air-fuel ratio to a rich air-fuei ratio or vice versa. 

[0004] More specifically, when changing the air-fuel ratio from a lean air-fuel ratio to a rich air-fuel ratio or vice versa, 
the time period during which the output from each of the air-fuel ratio sensors arranged upstream and downstream of 
30 the NOx removing device retains a value corresponding to the stoichiometric ratio is measured, and the deterioration 
is then determined according to the time period measured above. 

[0005] However, in the above conventional control system, variations in response characteristics of the air-fuel ratio 
sensors are not considered, so that the results of measurement change according to the response characteristics, 
causing a problem that the determination of deterioration becomes inaccurate in some cases. More specifically, in the 

35 above conventional control system, a time period RCU during which the output from the air-fuel ratio sensor provided 
upstream of the NOx removing device (downstream of the three way catalyst) retains a value corresponding to the 
stoichiometric ratio and a time period RCD during which the output from the air-fuel ratio sensor provided downstream 
of the NOx removing device retains a value corresponding to the stoichiometric ratio are measured, and the deterio- 
ration of the NOx removing device is determined by a time difference TSTR = RCD - RCU, This time difference TSTR 

40 takes different values, for example, between in the case that the upstream air-fuel ratio sensor has a quick-response 
characteristic and the downstream air-fuel ratio sensor has a slow-response characteristic and in the case that the 
former has a slow-response characteristic and the latter has a quick-response characteristic. As a result, the accuracy 
of the determination of deterioration is reduced. 

45 SUMMARY OF THE INVENTION 

[0006] It is accordingly an object of the present invention to provide an exhaust emission control system which can 
determine the degree of deterioration of a NOx removing device more accurately than the prior art in the case of 
arranging sensors upstream and downstream of the NOx removing device. 

so [0007] The present invention provides an exhaust emission control system for an exhaust system for an internal 
combustion engine, having a NOx absorbent for absorbing nitrogen oxides contained in exhaust gases in an exhaust 
lean condition and reducing the absorbed nitrogen oxides in an exhaust rich condition, said control system comprising; 
a first oxygen concentration sensor provided upstream of said NOx absorbent for detecting the oxygen concentration 
in the exhaust gases; a second oxygen concentration sensor provided downstream of said NOx absorbent for detecting 

55 the oxygen concentration in the exhaust gases; first measuring means for measuring a first response delay time period 
from the time when the output value from said first oxygen concentration sensor has changed to a value Indicative of 
a rich air-fuel ratio, to the time when the output value from said second oxygen concentration sensor becomes a value 
indicative of a rich air-fuel ratio, after changing the air-fuel ratio of the air-fuel mixture to be supplied to the engine from 
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a lean region to a rich region with respect to a stoichiometric ratio; second measuring means for measuring a second 
response delay time period from the time when the output value from said first oxygen concentration sensor has 
changed to a value indicative of a lean air-fuel ratio, to the time when the output value from said second oxygen 
concentration sensor becomes a value indicative of a lean air-fuel ratio, after changing the air-fuel ratio from the rich 

5 region to the lean region with respect to the stoichiometric ratio; and deterioration determining means for determining 
deterioration of said NOx absorbent according to the first and second response delay time periods, characterized in 
that said deterioration determining means includes correcting means for correcting the first response delay time period 
according to the second response delay time period, and determines the deterioration according to the first response 
delay time period corrected by said correcting means. 

10 [0008] With this arrangement, the first response delay time period from the time when the output value from the first 
oxygen concentration sensor has been changed to a value indicative of a rich air-fuel ratio to the time when the output 
value from the second oxygen concentration sensor becomes a value indicative of a rich air-fuel ratio is measured 
after changing the air-fuel ratio of an air-fuel mixture to be supplied to the engine from a lean region to a rich region 
with respect to the stoichiometric ratio. Further, the second response delay time period from the time when the output 

is value from the first oxygen concentration sensor has been changed to a value indicative of a lean air-fuel ratio to the 
time when the output value from the second oxygen concentration sensor becomes a value indicative of a lean air-fuel 
ratio is measured after changing the air-fuel ratio from the rich region to the lean region with respect to the stoichiometric 
ratio. Then, the deterioration of the nitrogen oxide removing means is determined according to the first and second 
response delay time periods measured above, it is experimentally confirmed that the second response delay time 

20 period does not largely depend on whether or not the NOx absorbent is deteriorated, but reflects variations in charac- 
teristics of the oxygen concentration sensors. Accordingly, by using the second response delay time period with the 
first response delay time period reflecting the degree of deterioration of the NOx absorbent the influence of variations 
in characteristics of the oxygen concentration sensors can be eliminated to allow more accurate determination of de- 
terioration. 

25 [0009] The deterioration determining means includes correcting means for correcting the first response delay time 
period according to the second response delay time period,. and determines the deterioration according to the first 
response delay time period corrected by the correcting means. 

[0010] Preferably, the correcting means calculates a correction coefficient according to a change in the operating 
condition of the engine during the period from the time of measurement of the first response delay time period to the 
30 time of measurement of the second response delay time period, corrects the second response delay time period by 
using the correction coefficient, and corrects the first response delay time period by using the corrected second re- 
sponse delay time period. 

[0011] Preferably, the exhaust emission control system further includes a three-way catalyst provided upstream of 
the first oxygen concentration sensor, and three-way catalyst deterioration determining means for detertmining dete- 

35 rioration of the three-way catalyst, wherein the deterioration determining means determines the deterioration of the 
NOx absorbent according to the first and second response delay time periods and the degree of deterioration of the 
three-way catalyst. In this case, the exhaust emission control system further includes a third oxygen concentration 
sensor provided upstream of the three-way catalyst, wherein the three-way catalyst deterioration determining means 
determines the degree of deterioration of the three-way catalyst according to an output value from the third oxygen 

40 concentration sensor and an output value from the first oxygen concentration sensor. 

[0012] Preferably, the deterioration determining means calculates a first average value from a plurality of measured 
values of the first response delay time period and a second average value from a plurality of measured values of the 
second response delay time period, and determines the deterioration of the nitrogen oxide removing means according 
to the first and second average values. 

45 [001 3] Other objects and features of the invention will be more fully understood from the following detailed description 
and appended claims when taken with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



so [0014] 

FIG. 1 is a schematic diagram showing the configuration of an internal combustion engine and a 

control system therefore according to a preferred embodiment of the present invention; 

FIG. 2 is a flowchart showing a program for calculating a target air fuel ratio coefficient (KCMD); 

55 FIG. 3 is a time chart for illustrating the setting of the target air-fuel ratio coefficient during a lean 

operation; 

FIGS. 4 and 5 are flowcharts showing a program for determining deterioration of a three-way catalyst and 

an NOx removing device; 
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FIG. 6 is a graph showing a table used in the processing shown in FIG. 5; and 

FIGS. 7A, 7B, and 7C are time charts for illustrating changes in output values from oxygen concentration sensors 
and delay time periods (TMON1 , TMON2, and TMON3). 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0015] Referring to FIG. 1 , there is schematically showing a general configuration of an internal combustion engine 
(which will be hereinafter referred to as an "engine") and a control system therefor, including an exhaust emission 
control system according to a preferred embodiment of the present invention. The engine is a four-cylinder engine 1 , 
io for example, and it has an intake pipe 2 provided with a throttle valve 3. A throttle valve opening (6 TH) sensor 4 is 
connected to the throttle valve 3, so as to output an electrical signal corresponding to an opening angle of the throttle 
valve 3 and supply the electrical signal to an electronic control unit (which will be hereinafter referred to as "ECU") 5 
for controlling the engine 1 . 

[0016] Fuel injection valves 6, only one of which is shown, are inserted into the intake pipe 2 at locations intermediate 
15 between the cylinder block of the engine 1 and the throttle valve 3 and slightly upstream of the respective intake valves 

(not shown). These fuel injection valves 6 are connected to a fuel pump (not shown), and electrically connected to the 

ECU 5. A valve opening period of each fuel injection valve 6 is controlled by a signal output from the ECU 5. 

[0017] An absolute intake pressure (PBA) sensor 8 is provided immediately downstream of the throttle valve 3. An 

absolute pressure signal converted to an electrical signal by the absolute intake pressure sensor 8, is supplied to the 
so ECU 5. An intake air temperature (TA) sensor 9 is provided downstream of the absolute intake pressure sensor 8 to 

detect an intake air temperature TA. An electrical signal corresponding to the detected intake air temperature TA, is 

outputted from the sensor 9 and supplied to the ECU 5. 

[001 8] An engine coolant temperature (TW) sensor 1 0 such as a thermistor is mounted on the body of the engine 1 
to detect an engine coolant temperature (cooling water temperature) TW. A temperature signal corresponding to the 

25 detected engine coolant temperature TW is output from the sensor 1 0 and supplied to the ECU 5. 

[0019] An engine rotational speed (NE) sensor 11 and a cylinder discrimination (CYL) sensor 12 are mounted in 
facing relation to a camshaft or a crankshaft (both not shown) of the engine 1 . The engine rotational speed sensor 11 
outputs a TDC signal pulse at a crank angle position located at a predetermined crank angle before the top dead center 
(TDC) corresponding to the start of an intake stroke of each cylinder of the engine 1 (at every 1 80° crank angle in the 

30 case of a four-cylinder engine). The cylinder discrimination sensor 1 2 outputs a cylinder discrimination signal pulse at 
a predetermined crank angle position for a specific cylinder of engine 1 . These signal pulses output from the sensors 
11 and 12 are supplied to the ECU 5. 

[0020] An exhaust pipe 1 3 of the engine 1 is provided with a three-way catalyst 14 and an NOx removing device 15 
as nitrogen oxide removing means arranged downstream of the three-way catalyst 14. 

35 [0021 ] The three-way catalyst 1 4 has an oxygen storing capacity, and has the function of storing the oxygen contained 
in the exhaust gases in the exhaust lean condition where the air-fuel ratio of an air-fuel mixture to be supplied to the 
engine 1 is set in a lean region with respect to the stoichiometric ratio and the oxygen concentration in the exhaust 
gases is therefore relatively high. The three-way catalyst 14 has also the function of oxidizing HC and CO contained 
in the exhaust gases by using the stored oxygen in the exhaust rich condition where the air-fuel ratio of the air-fuel 

40 mixture to be supplied to the engine 1 is set in a rich region with respect to the stoichiometric ratio and the oxygen 
concentration in the exhaust gases is therefore low with a large proportion of HC and CO components. 
[0022] The NOx removing device 1 5 includes an NOx absorbent for absorbing NOx and a catalyst for accelerating 
oxidation and reduction. As the NOx absorbent, a storage type absorbent or an adsorption type absorbent is used. 
The storage type absorbent stores NOx in the exhaust lean condition where the air-fuel ratio of the air-fuel mixture to 

45 be supplied to the engine 1 is set in a lean region with respect to the stoichiometric ratio and the oxygen concentration 
in the exhaust gases is therefore relatively high (the proportion of NOx is large), whereas it discharges the stored NOx 
In the exhaust rich condition where the air-fuel ratio of the air-fuel mixture to be supplied to the engine 1 is in the vicinity 
of the stoichiometric ratio or in a rich region with respect to the stoichiometric ratio and the oxygen concentration in 
the exhaust gases is therefore relatively low. On the other hand, the adsorption type absorbent adsorbs NOx in the 

50 exhaust lean condition and reduces NOx in the exhaust rich condition. In any case, the NOx absorbent in the NOx 
removing device 15 functions to absorb NOx in the exhaust lean condition and to discharge the absorbed NOx in the 
exhaust rich condition, thereby reducing the discharged NOx into nitrogen gas by HC and CO and oxidizing the HC 
and CO into water vapor and carbon dioxide. An example of the storage type NOx absorbent includes barium oxide 
(BaO), and examples of the adsorption type NOx absorbent include the combination of sodium (Na) and titanium (Ti) 

55 and the combination of strontium (Sr) and titanium (Ti). Further, examples of the catalyst in the NOx removing device 
15 include noble metals such as rhodium (Rh), palladium (Pd), and platinum (Pt) both in the storage type and in the 
adsorption type. 

[0023] When the amount of NOx absorbed by the NOx absorbent reaches the limit of its NOx absorbing capacity, i. 
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e., the maximum NOx absorbing amount, the NOx absorbent cannot absorb NOx any more. Accordingly, to discharge 
the absorbed NOx and reduce it at an appropriate timing, the air-fuel ratio is enriched, that is, reduction enrichment of 
the air-fuel ratio is performed. 

[0024] A proportional type air-fuel ratio sensor (which will be hereinafter referred to as "LAF sensor") 1 7 is mounted 
s on the exhaust pipe 13 at a position upstream of the three-way catalyst 14. The LAF sensor 17 outputs an electrical 
signal substantially proportional to the oxygen concentration (air-fuel ratio) in the exhaust gases, and supplies the 
electrical signal to the ECU 5. 

[0025] A binary type oxygen concentration sensor (which will be hereinafter referred to as "02 sensor") 1 8 is mounted 
on the exhaust pipe 13 at a position between the three-way catalyst 14 and the NOx removing device 15, and an 02 

10 sensor 19 is mounted on the exhaust pipe 13 at a position downstream of the NOx removing device 15. Detection 
signals from these sensors 1 8 and 1 9 are supplied to the ECU 5. Each of the 02 sensors 1 8 and 1 9 has a characteristic 
such that its output rapidly changes in the vicinity of the stoichiometric ratio. More specifically, the output from each of 
the sensors 18 and 19 has a high level In a rich region with respect to the stoichiometric ratio, and outputs a low level 
signal in a lean region with respect to the stoichiometric ratio. 

is [0026] The engine 1 has a valve timing switching mechanism 30 capable of switching the valve timing of intake 
valves and exhaust valves between a high-speed valve timing suitable for a high-speed operating region of the engine 
1 and a low-speed valve timing suitable for a low-speed operating region of the engine 1 . This switching of the valve 
timing also includes switching of a valve lift amount. Further, when selecting the low-speed valve timing, one of the 
two intake valves in each cylinder is stopped to ensure stable combustion even in the case of setting the air-fuel ratio 

20 lean with respect to the stoichiometric ratio. 

[0027] The valve timing switching mechanism 30 is of such a type that the switching of the valve timing is carried 
out hydraulically. That is, a solenoid valve for performing the hydraulic switching and an oil pressure sensor are con- 
nected to the ECU 5. A detection signal from the oil pressure sensor is supplied to the ECU 5, and the ECU 5 controls 
the solenoid valve to perform the switching control of the valve timing according to an operating condition of the engine 1 . 

25 [0028] The ECU 5 includes an input circuit 5a having various functions Including a function of shaping the waveforms 
of input signals from the various sensors, a function of correcting the voltage levels of the input signals to a predeter- 
mined level, and a function of converting analog signal values into digital signal values, a central processing unit (which 
will be hereinafter referred to as "CPU") 5b, storage means 5c for preliminarily storing various operational programs 
to be executed by the CPU 5b and for storing the results of computation or the like by the CPU 5b, and an output circuit 

30 5d for supplying drive signals to the fuel injection valves 6. 

[0029] The CPU 5b determines various engine operating conditions according to various engine operating parameter 
signals as mentioned above, and calculates a fuel injection period TOUT of each fuel injection valve 6 to be opened 
in synchronism with the TDC signal pulse, in accordance with Eq. (1) according to the above determined engine op- 
erating conditions. 

35 

TOUT = TiM X KCMD X KLAF X K1 + K2 (1) 

[0030] TiM is a basic fuel injection amount of each fuel injection valve 6, more specifically, a basic fuel injection period 
40 of each fuel injection valve 6, and it is determined by searching a Ti map set according to the engine rotational speed 
NE and the absolute intake pressure PBA. TheTi map is set so that the air-fuel ratio of an air-fuel mixture to be supplied 
to the engine 1 becomes substantially equal to the stoichiometric ratio in an operating condition according to the engine 
rotational speed NE and the absolute intake pressure PBA. 

[0031] KCMD is a target air-fuel ratio coefficient, which is set according to engine operating parameters such as the 
45 engine rotational speed NE, the throttle valve opening 0TH, and the engine coolant temperature TW. The target air- 
fuel ratio coefficient KCMD is proportional to the reciprocal of an air-fuel ratio A/F, i.e., proportional to a fuel-air ratio 
F/A, and takes a value of 1.0 for the stoichiometric ratio, so KCMD is referred to also as a target equivalent ratio. 
Further, in the case of executing reduction enrichment (to be hereinafter described), the target air-fuel ratio coefficient 
KCMD is set to a predetermined enrichment value KCMDR for enrichment of an air-fuel ratio. 
so [0032] KLAF is an air-fuel ratio correction coefficient calculated by PID control so that a detected equivalent ratio 
KACT calculated from a detected value from the LAF sensor 17 becomes equal to the target equivalent ratio KCMD 
in the case that the conditions for execution of feedback control are satisfied. 

[0033] K1 and K2 are another correction coefficient and correction variable computed according to various engine 
parameter signals, respectively. The correction coefficient K1 and correction variable K2 are determined to predeter- 
55 mined values to optimize various characteristics such as fuel consumption characteristics and engine acceleration 
characteristics according to engine operating conditions. 

[0034] The CPU 5b supplies a drive signal for opening each fuef injection valve 6 according to the fuel injection 
period TOUT obtained above through the output circuit 5d to the fuel injection valve 6, 
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[0035] FIG. 2 is a flowchart showing a program for calculating the target air-fuel ratio coefficient KCMD applied to 
Eq. (1) mentioned above. This program is executed by the CPU 5b at predetermined time intervals. 
[0036] In step S21 , it is determined whether or not the engine 1 is in a lean operating condition, that is, whether or 
not a stored value KCMDB of the target air-fuel ratio coefficient KCMD stored in step S28 (to be hereinafter described) 

5 during normal control is smaller than "1 .0". If KCMDB s 1 .0, that Is, if the engine 1 is not in the lean operating condition, 
the program proceeds directly to step S25, in which an enrichment flag FRROK indicating the duration of execution of 
reduction enrichment by tt 1 n is set to "0". Thereafter, a reduction enrichment time TRR (e.g., 5 to 10 sec) is set to a 
downcount timer tmRR to be referred in step S32 (to be hereinafter described), and the timer tmRR is started (step 
S26). Then, normal control is performed to set the target air-fuel ratio coefficient KCMD according to engine operating 

io conditions (step S27). Basically, the target air-fuel ratio coefficient KCMD is calculated according to the engine rotational 
speed NE and the absolute intake pressure PBA. In the condition where the engine coolant temperature TW is low or 
in a predetermined high-load operating condition, the set value of the target air-fuel ratio coefficient KCMD is changed 
according to these conditions. Then, the target air-fuel ratio coefficient KCMD calculated in step S27 is stored as a 
stored value KCMDB (step S28), and this program is ended. 

15 [0037] If KCMDB < 1 .0 in step S21, that is, if the engine 1 is in the lean operating condition, an increment value 
ADDNOx to be used in step S23 is decided according to the engine rotational speed NE and the absolute intake 
pressure PBA (step S22). The increment value ADDNOx is a parameter corresponding to the amount of NOx exhausted 
per unit time during the lean operation, and this parameter ADDNOx is set so that it increases with an increase in the 
engine rotational speed NE and with an increase in the absolute intake pressure PBA. 

20 [0038] In step S23, the increment value ADDNOx decided in step S22 is applied to the following expression to in- 
crement an NOx amount counter CNOx, thereby obtaining an NOx exhaust amount, that is, a count value corresponding 
to the amount of NOx absorbed by the NOx absorbent. 

2S CNOx = CNOx + ADDNOx 

[0039] In step S24, it is determined whether or not the current value of the NOx amount counter CNOx has exceeded 
an allowable value CNOxREF. If the answer to step S24 is negative (NO), the program proceeds to step S25, in which 
the normal control is performed, that is, the target air-fuel ratio coefficient KCMD is set according to engine operating 
30 conditions. The allowable value CNOxREF is set to a value corresponding to an NOx amount slightly smaller than the 
maximum NOx absorption amount of the NOx absorbent. 

[0040] If CNOx > CNOxREF in step S24, the enrichment flag FRROK is set to "1 " (step S30), and the target air-fuel 
ratio coefficient KCMD is set to a predetermined enrichment value KCMDR corresponding to a value equivalent to an 
air-fuel ratio of 14.0, thus executing reduction enrichment (step S31). Then, it is determined whether or not the current 
35 value of the timer tmRR is "0 U (step S32). If tmRR > 0, this program is ended at once, whereas if tmRR = 0, the 
enrichment flag FRROK is set to "0 n and the current value of the NOx amount counter CNOx is reset to "0" (step S33). 
Accordingly, the answer to step S24 in the next cycle becomes negative (NO), so that the normal control is then per- 
formed. 

[0041] According to the processing shown in FIG. 2, the reduction enrichment is executed intermittently as shown 
40 in FIG. 3 (during a time period between t1 and t2, a time period between t3 and t4, and a time period between t5 and 
t6) in an engine operating condition where the lean operation is permitted, so that NOx absorbed by the NOx absorbent 
in the NOx removing device 15 is discharged at an appropriate timing. 

[0042] FIGS. 4 and 5 are flowcharts showing a program for determining deterioration of the three-way catalyst 14 
and the NOx removing device 15. This program is executed at predetermined time intervals (e.g., 10 msec). 

45 [0043] In step S40, it is determined whether or not an end flag FC ATM END indicating the end of determination of 
deterioration by "1 ■ is "1 ". If FCATMEND = 1 , that is, if the determination of deterioration has already been ended, the 
program proceeds to step S45. If FCATMEND = 0, that is, if the determination of deterioration has not been ended, it 
is determined whether or not a measurement end flag FLR indicating the end of measurement with a second upcount 
timer tmMON2 (to be hereinafter described) by "1" is °1 n (step S41). If FLR = 1 , the program proceeds directly to step 

so S62(see FIG. 5). 

[0044] If FLR = 0 in step S41, it is determined whether or not a predetermined time period TLBCNT has elapsed 
after the conditions for execution of the lean operation are satisfied (step S42). If TLBCNT has not elapsed, the program 
proceeds to step S45, whereas if TLBCNT has elapsed, it is determined whether or not the enrichment flag FRROK 
is "1" (step S43). If FRROK = 0, that is, if the reduction enrichment is not executed, the program proceeds to step S45. 
55 |n step S45, a deterioration monitor flag FCATMON is set to. n 0". Thereafter, a first upcount timer tmMONI , a second 
upcount timer tmMON2, and a third upcount timer tmMON3 each for the determination of deterioration are all set to 
"0", and first, second, and third timer operation flags FTMR1 , FTMR2, and FTMR3 respectively indicating the start of 
measurement with the first, second, and third upcount timers tmMONI , tmMON2, and tmMON3 by "1" are all set to 
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"0 M . Furthermore, the measurement end flag FLR is also set to "O" (step S47). Then, this program is ended. 
[0045] If FRROK = 1 in step S43, that is, if the reduction enrichment is being executed, the deterioration monitor flag 
FCATMON is set to "1" (step S44). and it is determined whether or not an output VLAF from the LAF sensor 17 is 
higher than a predetermined output value VLAFREF (e.g., a value corresponding to the stoichiometric ratio) (this con- 

5 dition indicating that the air-fuel ratio is in a rich region) (step S46). If VLAF S VLAFREF, the program proceeds to step 
S47, whereas if VLAF > VLAFREF, the program proceeds to step S48, in which it is determined whether or not the first 
timer operation flag FTMR1 is "I". Since FTMR1 = Oat first, the first timer tmMONI is started and the first timer operation 
flag FTMR1 is set to "1" (step S49). Then, the program proceeds to step S50. In the subsequent cycles, FTMR1 = 1 
holds in step S48, so that the program proceeds from step S48 directly to step S50. 

10 [0046] In step S50, it is determined whether or not an output SV02 from the 02 sensor 18 is higher than a prede- 
termined output value SV02REF slightly higher than a value corresponding to the stoichiometric ratio. At first, the effect 
of the air-fuel ratio enrichment does not appear on the downstream side of the three-way catalyst 14, so that SV02 ^ 
SV02REF holds and the program proceeds directly to step S62, in which it is determined whether or not the enrichment 
flag FRROK is "0". If FRROK = 1 instep S62,thatis, if the reduction enrichment is being executed, this program is ended. 

15 [0047] If SV02 > SV02REF in step S50, the timer tmMONI is stopped (step S51), and it is determined whether or 
not the second timer operation flag FTMR2 is "1" (step S52). Since FTMR2 = 0 holds at first, the second timer tmMON2 
is started and the second timer operation flag FTMR2 is set to "1" (step S53). Then, the program proceeds to step 
S54, In the subsequent cycles, FTMR2 = 1 holds in step S52, so that the program proceeds from step S52 directly to 
step S54. 

20 [0048] In step S54, it is determined whether or not an output TV02 from the 02 sensor 19 is higher than a prede- 
termined output value TV02REF slightly higher than a value corresponding to the stoichiometric ratio. In the first cycle, 
the effect of the air-fuel ratio enrichment does not appear on the downstream side of the NOx removing device 15, so 
that TV02 ^ TV02REF holds and the program proceeds directly to step S 62, in which it is determined whether or not 
the enrichment flag FRROK is "0 n . If FRROK = 1 in step S62, that is, if the reduction enrichment is being executed, 

25 this program is ended. 

[0049] If TV02 > TV02REF in step S54, the timer tmMON2 is stopped and the measurement end flag FLR is set to 
"1" (step S55). Then, the program proceeds to step S62 and is subsequently ended. 

[0050] After the measurement end flag FLR is set to "1 the flow from step S41 directly to step S62 is repeated to 
wait for the end of the reduction enrichment. When the reduction enrichment is ended, that is, when the target air-fuel 

30 ratio coefficient KCMD is changed from the predetermined enrichment value KCMDR to a value (<1 .0) corresponding 
to a lean air-fuel ratio, FRROK = 0 holds in step S62. Accordingly, the program proceeds from step S62 to step S63, 
in which it is determined whether or not the output SV02 from the 02 sensor 1 8 is lower than the predetermined output 
value SV02REF. If SV02 ^ SV02REF, this program is ended, whereas if SV02 < SV02REF, it is determined whether 
or not the third timer operation flag FTMR3 is n 1 H (step S64). Since FTMR3 = 0 holds at first, the third timer tmMON3 

35 is started and the third timer operation flag FTMR3 is set to "1 " (step S65). Then, the program proceeds to step S66. 
In the subsequent cycles, FTMR3 = 1 holds in step S64, so that the program proceeds from step S64 directly to step S66. 
[0051] In step S66, it is determined whether or not the output TV02 from the 02 sensor 1 9 is lower than the prede- 
termined output value TV02REF. If TV02 ^ TV02REF, this program is ended, whereas if TV02 < TV02REF, the third 
timer tmMON3 is stopped (step S67), and it is determined whether or not the current value of the first timer tmMONI 

40 is smaller than a first criterion time TWCREF (step S70). The smaller value of the timer tmMONI indicates that the 
three-way catalyst 1 4 is more deteriorated. That is, as the value of the timer tmMONI becomes smaller, the degree of 
deterioration of the three-way catalyst 14 becomes higher. Accordingly, if tmMONI ^ TWCREF, it is determined that 
the three-way catalyst 14 is normal (step S72), whereas if tmMONI < TWCREF, it is determined that the three-way 
catalyst 14 is deteriorated (step S71). Then, the program proceeds to step S73. 

45 [0052] In step S73, a KMON2 table shown in FIG. 6 is retrieved according to the current value of the first timer 
tmMONI to calculate a three-way catalyst correction coefficient KMON2. The KMON2 table is set so that the three-way 
catalyst correction coefficient KMON2 increases with a decrease in the value of the first timer tmMONI, that is, with 
an increase in the degree of deterioration of the three-way catalyst 14. In step S74, an operating condition correction 
coefficient KMON3 is calculated according to a change in engine operating condition during a period from the time of 

so starting the previous reduction enrichment to the current time, more specifically, according to a difference DNE in the 
engine rotational speed NE and a difference DPBA in the absolute intake pressure PBA during this period 
[0053] In step S75, a corrected timer value tmMON2C is calculated in accordance with Eq. (2). 

tmMON2C = tmMON2 x KMON2 - tmMON3 X KMON3 (2) 

58 

[0054] The smaller current value of the second timer tmMON2 indicates that the degree of deterioration of the NOx 
removing device 15 becomes higher. However, the current value of the second timer tmMON2 varies with the degree 



7 



EP 1 081 348 B1 



of deterioration of the three-way catalyst 14. Accordingly, the influence of the degree of deterioration of the three-way 
catalyst 14 is removed by multiplying the three-way catalyst correction coefficient KMON2 according to the degree of 
deterioration of the three-way catalyst 1 4 by the current value of the second timer tmMON2. Furthermore, the current 
values of the second and third timers tmMON2 and tmMON3 include a deviation due to variations in response char- 

5 acteristics (response time) of the 02 sensors 1 8 and 1 9 and a time period required for the travel of exhaust gases from 
the 02 sensor 1 8 to the 02 sensor 19. The deviation due to variations in response characteristics of the 02 sensors 
1 8 and 1 9 included in the two timer values is considered to be substantially constant in a short time period of meas- 
urement of tmMON2 and tmM0N3. However, the time period required for the travel of exhaust gases from the 02 
sensor 18 to the 02 sensor 19 depends on the flow velocity of exhaust gases, so that this time period is considered 

10 to vary in response to a change in engine operating condition. Accordingly, the current value of the third timer tmMON3 
is corrected by multiplying it by the operating condition correction coefficient KMON3, and the corrected timer value 
(= tmMON3 x KMON3) is subtracted from the first term in the right side of Eq. (2), thereby eliminating the influence 
of variations in response characteristics of the 02 sensors 1 8 and 1 9 and the influence of the travel time of the exhaust 
gases as mentioned above to enable more accurate determination of deterioration. 

15 [0055] It is experimentally confirmed that the time period measured by the timer tmMON3 is not largely dependent 
on the degree of deterioration of the NOx removing device 15, but mainly reflects variations in delay characteristics 
(response characteristics) of the 02 sensors 1 8 and 19. 

[0056] In step S76, it is determined whether or not the corrected timer value tmMON2C is less than a second criterion 
time TNOXREF. The smaller value of the second timer tmMON2 indicates that the NOx removing device 15 is more 
20 deteriorated. Accordingly, if tmMON2C ^ TNOXREF, it is determined that the NOx removing device 15 is normal (step 
S78), whereas if tmMON2C < TNOXREF, it is determined that the NOx removing device 15 is deteriorated (step S77). 
Then, the end flag FC ATM END is set to "1" (step S79), and this program is ended. 

[0057] The first criterion time TWCREF is experimentally decided so as to correspond to a delay time period when 
the oxygen storing capacity of the three-way catalyst 14 is decreased to about 50% of that of a new one, for example, 

25 and the second criterion time TNOXREF is experimentally decided so as to correspond to a delay time period in the 
condition where the NOx absorbing capacity of the NOx absorbent has become almost zero because of thermal de- 
terioration (in a completely thermal -deteriorated condition). The corrected timer value tmMON2C decreases sequen- 
tially from a condition of a new NOx removing device through a condition after 50-kilomile running and a sulfur-poisoned 
condition of the NOx absorbent to the completely thermal-deteriorated condition in this order. Accordingly, the second 

30 criterion time TNOXREF may be set to a longer time, so as to determine the condition after 50-kilomile running or the 
sulfur-poisoned condition. 

[0058] According to the processing shown in FIGS. 4 and 5, in performing the reduction enrichment (in changing the 
air-fuel ratio from a lean air-fuel ratio to a rich air-fuel ratio) after the predetermined time period TLBCNT has elapsed 
from the beginning of the lean operation to make the NOx absorbent to absorb NOx in an amount allowing the detection 

35 of deterioration, a first delay time period TMON1 , a second delay time period TMON2, and third delay time period 
TMON3 are measured as shown in FIGS. 7A to 7C. The first timer tmMONI measures the first delay time period 
TMON1 from the time t11 when the output VLAF from the LAF sensor 1 7 provided upstream of the three-way catalyst 
14 has become higher than the predetermined output value VLAFREF to the time t12 when the output SV02 from the 
02 sensor 1 8 provided downstream of the three-way catalyst 1 4 becomes higher than the predetermined output value 

40 SV02REF. The second timer tmMON2 next measures the second delay time period TMON2 from the time t12 when 
the output SV02 from the 02 sensor 18 has become higher than the predetermined output value SV02REF to the 
time t1 3 when the output TV02 from the 02 sensor 1 9 provided downstream of the NOx removing device 1 5 becomes 
higher than the predetermined output value TV02REF. Further, in ending the reduction enrichment (in changing the 
air-fuel ratio from the rich air-fuel ratio to the lean air-fuel ratio), the third timer tmMON3 measures the third delay time 

45 period TMON3 from the time t1 4 when the output SV02 from the 02 sensor 1 8 has become lower than the predeter- 
mined output value SV02REF to the time t15 when the output TV02 from the 02 sensor 19 becomes lower than the 
predetermined output value TV02REF. 

[0059] In the case that the criterion of deterioration is set so that it may be determined whether or not the NOx 
absorbing capacity of the NOx absorbent has become almost zero, the amount of NOx absorbed by the NOx absorbent 

so that allows the detection of deterioration is defined as a NOx amount not less than an absorbable NOx amount in such 
a condition that the NOx absorbing power has become almost zero. In the case that the criterion of deterioration is set 
so that it may determined whether or not the NOx absorbing capacity has become about 50% of that of a new absorbent, 
the amount of NOx absorbed by the NOx absorbent that allows the detection of deterioration is defined as a NOx 
amount not less than 50% of the maximum absorption amount. 

55 [0060] The first delay time period TMON1 is a parameter indicating the degree of deterioration of the three-way 
catalyst 14. The second delay time period TMON2 corresponds to the time required for discharge of the whole NOx 
absorbed by the NOx absorbent, and it indicates the NOx absorbing capacity of the NOx absorbent. That is, the shorter 
second delay time period TMON2 indicates that the NOx absorbing capacity becomes lower. Accordingly, by using the 
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second delay time period, the determination of deterioration of the NOx removing device 1 Scan be performed. However, 
the second delay time period TMON2 changes according to the degree of deterioration of the three-way catalyst 14 
provided upstream of the NOx removing device 15. More specifically, as the degree of deterioration of the three-way 
catalyst 14 becomes higher, the timing of decreasing the oxygen concentration on the downstream side of the three- 

5 way catalyst 14 becomes earlier, and the concentrations of HC and CO having a reducing function becomes larger. 
Accordingly, although the amount of NOx absorbed by the NOx absorbent is fixed, the time required for reduction of 
the absorbed NOx, i.e., the second delay time period TMON2, becomes shorter. In consideration of this fact, the timer 
value tmMON2 (= the second delay time period TMON2) is corrected by the three-way catalyst correction coefficient 
KMON2, and when the corrected timer value tmMON2C becomes lower than the criterion time TNOXREF, it is deter- 

10 mined that the NOx absorbent has been deteriorated. Therefore, the determination of deterioration of the NOx removing 
device 15 can be accurately performed irrespective of the degree of deterioration of the three-way catalyst 14. 
[0061] Further, according to this preferred embodiment, the third delay time period TMON3 is corrected by the op- 
erating condition correction coefficient KMON3 according to a change in engine operating condition (a change during 
the time period from the time t13 to the time t15), and the corrected third delay time period TMON3 corrected is sub- 

is tracted from the second delay time period TMON2 after correction by the three-way catalyst correction coefficient 
KMON2. Accordingly, the influence of variations in response characteristics of the 02 sensors 1 8 and 19 can be elim- 
inated to thereby effect more accurate determination of deterioration. 

[0062] Thus, the second delay time period TMON2 is corrected according to the degree of deterioration of the three- 
way catalyst 1 4 provided upstream of the NOx removing device 1 5, and the corrected second delay time period TMON2 
20 is further corrected by the third delay time period TMON3 to obtain a corrected delay time period (tmMON2C). Then, 
the deterioration of the NOx removing device 15 is determined by this corrected delay time period. Accordingly, the 
determination of deterioration of the NOx removing device 15 can be accurately performed regardless of the degree 
of deterioration of the three-way catalyst 14 and the influence of variations in characteristics of the 02 sensors 1 8 and 
19. 

25 [0063] Various modifications may be made to the embodiment described above. For example, while the determination 
of deterioration is performed by using measured values obtained by measuring the first, second, and third delay time 
periods TMON1 , TMON2, and TMON3 one time in the above preferred embodiment, the measurement of the first, 
second, and third delay time periods TMON1 , TMON2, and TMON3 may be made plural times, e.g., about ten times, 
and the average of measured values obtained by a plurality of measurements may be used to perform the determination. 

30 [0064] The method of determining the degree of deterioration of the three-way catalyst 14 may be replaced by another 
known method as described in Japanese Patent Laid-open No. 6-212955, for example. 

[0065] While the second delay time period TMON2 (tmMON2) is corrected according to the degree of deterioration 
of the three-way catalyst 14 in the above preferred embodiment, the second criterion time period TNOXREF may be 
corrected according to the degree of deterioration of the three-way catalyst 1 4. In this case, the correction of the second 
35 criterion time period TNOXREF is made so that it is decreased with an increase in the degree of deterioration of the 
three-way catalyst. 

[0066] In the case of changing the predetermined enrichment value KCMDR used in the execution of reduction 
enrichment according to an engine operating condition, the delay time periods TMON1 and TMON2 are influenced by 
the value KCMDR, so that the criterion time periods TWCREF and TNOXREF used for the determination of deterioration 

40 are preferably set so that they are decreased with an increase in the value KCMDR. 

[0067] Further, while the proportional type air-fuel ratio sensor (oxygen concentration sensor) 1 7 is provided upstream 
of the three-way catalyst 14, and the binary type oxygen concentration sensors 18 and 19 are provided upstream and 
downstream of the NOx removing device 15, respectively, in the above preferred embodiment, the type and arrange- 
ment of each oxygen concentration sensor is not limited to the above. For example, all of the oxygen concentration 

45 sensors may be of either the proportional type or the binary type. 

[0068] Further, while the above preferred embodiment is applied to an exhaust emission control system including a 
three-way catalyst, the present invention is applicable also to an exhaust emission control system not including a three- 
way catalyst. 

[0069] The presently disclosed embodiments are to be considered in all respects as illustrative and not restrictive. 

so The scope of the invention is defined by the appended claims, rather than the foregoing description. 

[0070] An exhaust emission control system for a nitrogen oxide removing device, the control system having a first 
oxygen concentration sensor provided upstream of the nitrogen oxide removing device, a second oxygen concentration 
sensor provided downstream of the nitrogen oxide removing device. A first response delay time period from the time 
when the output value from the first oxygen concentration sensor has changed to a value indicative of a rich air-fuel 

55 ratio to the time when the output value from the second oxygen concentration sensor becomes a value indicative of a 
rich air-fuel ratio is measured. A second response delay time period from the time when the output value from the first 
oxygen concentration sensor has changed to a value indicative of a lean air-fuel ratio, to the time when the output 
value from the second oxygen concentration sensor becomes a value indicative of a lean air-fuel ratio is measured. 
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Deterioration of the nitrogen oxide removing device is determined according to the first and second response delay 
time periods. 



5 Claims 

1 . An exhaust emission control system for an exhaust system for an internal combustion engine (1), having a NOx 
absorbent (15) for absorbing nitrogen oxides contained in exhaust gases in an exhaust lean condition and reducing 
the absorbed nitrogen oxides in an exhaust rich condition, said control system comprising; 

10 

a first oxygen concentration sensor (1 8) provided upstream of said NOx absorbent (1 5) for detecting the oxygen 
concentration in the exhaust gases; 

a second oxygen concentration sensor (19) provided downstream of said NOx absorbent (15) for detecting 
the oxygen concentration in the exhaust gases; 

15 first measuring means for measuring a first response delay time period (TMON2) from the time (t1 2) when the 

output value (SV02) from said first oxygen concentration sensor (18) has changed to a value indicative of a 
rich air-fuel ratio, to the time (t13) when the output value (TV02) from said second oxygen concentration 
sensor (19) becomes a value indicative of a rich air-fuel ratio, after changing the air-fuel ratio of the air-fuel 
mixture to be supplied to the engine (1 ) from a lean region to a rich region with respect to a stoichiometric ratio; 

20 second measuring means for measuring a second response delay time period (TMON3) from the time (t14) 

when the output value (SV02) from said first oxygen concentration sensor (18) has changed to a value indic- 
ative of a lean air-fuel ratio, to the time (t1 5) when the output value (TV02) from said second oxygen concen- 
tration sensor (1 9) becomes a value indicative of a lean air-fuel ratio, after changing the air-fuel ratio from the 
rich region to the lean region with respect to the stoichiometric ratio; and 

25 deterioration determining means for determining deterioration of said NOx absorbent (15) according to the 

first and second response delay time periods, 

characterized In that 

said deterioration determining means includes correcting means (S74, S75) for correcting the first response delay 
30 time period (TMON2) according to the second response delay time period (TMON3), and determines the deterio- 

ration according to the first response delay time period (TMON2) corrected by said correcting means. 

2. An exhaust emission control system according to claim 1 , wherein said correcting means (S74) calculates a cor- 
rection coefficient (KMON3) according to a change in the operating condition of said engine during a period from 

35 the time of measurement of the first response delay time period (TMON2) to the time of measurement of the second 

response delay time period (TMON3), corrects the second response delay time period (TMON3) by using the 
correction coefficient (KMON3), and corrects the first response delay time period (TMON2) by using the corrected 
second response delay time period. 

40 3. An exhaust emission control system according to claim 1, further including a three-way catalyst (14) provided 
upstream of said first oxygen concentration sensor (18), and three-way catalyst deterioration determining means 
for determining the deterioration of said three-way catalyst (14), wherein said NOx absorbent (15) deterioration 
determining means determines the deterioration of said NOx absorbent (15) according to the first and second 
response delay time periods (TMON2, TMON3) and the degree of deterioration of said three-way catalyst (14). 

45 

4. An exhaust emission control system according to claim 3 further including a third oxygen concentration sensor 
(1 7) provided upstream of said three-way catalyst (14), wherein said three-way catalyst deterioration determining 
means determines the degree of deterioration of said three-way catalyst (14) according to the output value (VLAF) 
from said third oxygen concentration sensor (1 7) and the output value (SV02) from said first oxygen concentration 

so sensor (18). 

5. An exhaust emission control system according to claim 1 , wherein said deterioration determining means calculates 
a first average value from a plurality of measured values of the first response delay time period (TMON2) and a 
second average value from a plurality of measured values of the second response delay time period (TMON3), 

55 and determines the deterioration of said NOx absorbent (1 5) according to the first and second average values. 
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Paten tansprttche 

1 . Abgasemissionssteuer/regelsystem fur ein Auspuffsystem einer Brennkraftmaschine (1 ), das ein NOx-Absorbens 
(15) zum Absorbieren von Stickoxiden aufweist, die in Abgasen in einem mageren Abgaszustand enthalten sind, 

5 und Reduzieren der absorbierten Stickoxide in einem fetten Abgaszustand, worin das Steuer/Regelsystem um- 

fasst: 

einen ersten Sauerstoffkonzentrationssensor (18), der stromauf des NOx-Absorbens (15) vorgesehen ist, um 
die Sauerstoffkonzentration in den Abgasen zu erfassen; 
io einen zweiten Sauerstoffkonzentrationssensor (1 9), der stromab des NOx-Absorbens (1 5) vorgesehen 1st, um 

die Sauerstoffkonzentration in den Abgasen zu erfassen; 

ein erstes Messmittel zum Messen einer ersten Reaktionsverzogerungszeitdauer (TMON2) ab der Zeit (t12), 
wenn sich der Ausgabewert (SV02) von dem ersten Sauerstoffkonzentrationssensor (1 8) zu einem Wert ge- 
andert hat, der ein fettes Luft/Kraftstoffverhaltnis anzeigt, bis zu der Zeit (t1 3), wenn der Ausgabewert (TV02) 
15 von dem zweiten Sauerstoffkonzentrationssensor (19) einen Wert einnimmt, der ein fettes Luft/Kraftstoffver- 

haltnis anzeigt, nach Anderung des Luft/Kraftstoffverhaltnisses des der Maschine (1) zuzufuhrenden Luft/ 
Kraftstoffgemischs von einem mageren Bereich zu einem fetten Bereich in Bezug auf ein stochiometrisches 
Verhaltnis; 

ein zweites Messmittel zum Messen einer zweiten Reaktionsverzogerungszeitdauer (TMON3) ab der Zeit 
20 (tl 4), wenn sich der Ausgabewert (SV02) von dem ersten Sauerstoffkonzentrationssensor (1 8) zu einem Wert 

geandert hat, der ein mageres Luft/Kraftstoffverhaltnis anzeigt, bis zu der Zeit (t1 5), wenn der Ausgabewert 
(TV02) von dem zweiten Sauerstoffkonzentrationssensor ( 19) einen Wert einnimmt, der ein mageres Luft/ 
Kraftstoffverhaltnis anzeigt, nach Anderung des Luft/Kraftstoffverhaltnisses von dem fetten Bereich zu dem 
mageren Bereich in Bezug auf das stochiometrische verhaltnis; und 
25 ein Verschlechterungsbestimmungsmittel zum Bestimmen einer Verschlechterung des NOx-Absorbens (15) 

gemaB den ersten und zweiten Reaktionsverzogerungszeitdauern, 

dadurch gekennzelchnet, 

dass das Verschlechterungsbestimmungsmittel ein Korrekturmittel (S74, S75) enthalt, um die erste Reaktions- 
30 verzogerungszeitdauer (TMON2) gemaB der zweiten Reaktionsverzogerungszeitdauer (TMON3) zu korrigieren, 

und die Verschlechterung gemaB der durch das Korrekturmittel korrigierten ersten Reaktionsverzogerungszeit- 
dauer (TMON2) bestimmt. 

2. Abgasemissionssteuer/regelsystem nach Anspruch 1 , worin das Korrekturmittel (S74) einen Korrekturkoeffizien- 
35 ten (KMON3) gemaB einer Anderung im Betriebszustand der Maschine wahrend einer Dauer ab der Messzeit der 

ersten Reaktionsverzogerungszeitdauer (TMON2) bis zu der Messzeit der zweiten Reaktionsverzogerungszeit- 
dauer (TMON3) berechnet, die zweite Reaktionsverzogerungszeitdauer (TMON3) unter Verwendung des Korrek- 
turkoeffizienten (KMON3) korrigiert und die erste Reaktionsverzogerungszeitdauer (TMON2) unter Verwendung 
der korrigierten zweiten Reaktionsverzogerungszeitdauer korrigiert. 

40 

3. Abgasemissionssteuer/regelsystem nach Anspruch 1, das ferner einen Dreiwegekatalysator (14) enthalt, der 
stromauf des ersten Sauerstoffkonzentrationssensors (18) vorgesehen ist, sowie ein Dreiwegekatalysator-Ver- 
schlechterungsbestimmungsmittel zum Bestimmen der Verschlechterung des Dreiwegekatalysators (14), worin 
das NOx-Absorbens-(15)-Verschlechterungsbestimmungsmittel die Verschlechterung des NOx-Absorbens (15) 

45 gemaB den ersten und zweiten Reaktionsverzogerungszeitdauern (TMON2, TMON3) und dem Verschlechterungs- 

grad des Dreiwegekatalysators (14) bestimmt. 

4. Abgasemissionssteuer/regelsystem nach Anspruch 3, das ferner einen dritten Sauerstoffkonzentrationssensor 
(17) enthalt, der stromauf des Dreiwegekatalysators (14) vorgesehen ist, worin das Dreiwegekatalysator-Ver- 

so schlechterungsbestimmungsmittel den Verschlechterungsgrad des Dreiwegekatalysators (14) gemaB dem Aus- 

gabewert (VLAF) von dem dritten Sauerstoffkonzentrationssensor (17) und dem Ausgabewert (SV02) von dem 
ersten Sauerstoffkonzentrationssensor (18) bestimmt. 

5. Abgasemissionssteuer/regelsystem nach Anspruch 1 , worin das Verschlechterungsbestimmungsmittel einen er- 
55 sten Mittelwert aus einer Mehrzahl von Messwerten der ersten Reaktionsverzogerungszeitdauer (TMON2) sowie 

einen zweiten Mittelwert aus einer Mehrzahl von Messwerten der zweiten Reaktionsverzogerungszeitdauer 
(TMON3) berechnet und die Verschlechterung des NOx-Absorbens (15) gemaB den ersten und zweiten Mittel- 
werten bestimmt. 
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Revend (cations 

1. Systeme de commande de remission des gaz d'echappement pour un systeme d'echappement pour un moteur 
a combustion interne (1), comprenant un absorbent de NOx (15) pour absorber les oxydes d'azote contenus dans 
les gaz d'echappement dans une condition d'echappement pauvre et reduire les oxydes d'azote absorbes dans 
une condition d'echappement riche, ledit systeme de commande comprenant : 

un premier capteur de concentration d'oxygene (1 8) prevu en amont dudit absorbant de NOx (1 5) pour detecter 
la concentration d'oxygene dans les gaz d'echappement ; 

un deuxieme capteur de concentration d'oxygene (19) prevu en aval dudit absorbant de NOx (15) pour detecter 
la concentration d'oxygene dans les gaz d'echappement ; 

des premiers moyens de mesure pour mesurer une premiere periode de temps de retard de reponse (TMON2) 
a partir du moment (t1 2) lorsque la valeur de sortie (SV02) provenant dudit premier capteur de concentration 
d'oxygene (18) a 6t6 changee en une valeur indiquant un rapport air - carburant riche, jusqu'au moment (t13) 
lorsque la valeur de sortie (TV02) provenant dudit deuxieme capteur de concentration d'oxygene (19) devient 
une valeur indiquant un rapport air - carburant riche, apres avoir change le rapport air - carburant du melange 
air - carburant a fournir au moteur (1) d'une region pauvre a une region riche par rapport a un rapport 
stoechiometrique ; 

des seconds moyens de mesure pour mesurer une seconde periode de temps de retard de reponse (TMON3) 
a partir du moment (t1 4) lorsque la valeur de sortie (SV02) provenant dudit premier capteur de concentration 
d'oxygene (18) a ete changee en une valeur indiquant un rapport air - carburant pauvre, jusqu'au moment 
(t15) lorsque la valeur de sortie (7V02) provenant dudit deuxieme capteur de concentration d'oxygene (19) 
devient une valeur indiquant un rapport air - carburant pauvre, apres avoir change le rapport air - carburant 
de la region riche a la region pauvre par rapport au rapport stoechiometrique ; et 

des moyens de determination de deterioration pour determiner la deterioration dudit absorbant de NOx (15) 
selon les premiere et seconde periodes de temps de retard de reponse, 

caracterise en ce que lesdits moyens de determination de deterioration comprennent des moyens de cor- 
rection (S74, S75) pour corriger la premiere periode de temps de retard de reponse (TMON2) selon la seconde 
periode de temps de retard de reponse (TMON3), et determinent la deterioration selon la premiere periode de 
temps de retard de reponse (TMON2) corrigee par lesdits moyens de correction. 

2. Systeme de commande de remission des gaz d'echappement selon la revendication 1 , dans lequel lesdits moyens 
de correction (S74) calculent un coefficient de correction (KMON3) selon un changement dans la condition de 
fonctionnement dudit moteur pendant une p6riode a partir du temps de mesure de la premiere periode de temps 
de retard de reponse (TMON2) jusqu'au temps de mesure de la seconde periode de temps de retard de reponse 
(TMON3), corrigent la seconde periode de temps de retard de reponse (TMON3) en utilisant le coefficient de 
correction (KMON3), et corrigent la premiere periode de temps de retard de r6ponse (TMON2) en utilisant la 
seconde periode de temps de retard corrigee. 

3. Systeme de commande de remission des gaz d'echappement selon la revendication 1 , comprenant en outre un 
catalyseur a trois voies (1 4) pr6vu en amont dudit premier capteur de concentration d'oxygene (1 8), et des moyens 
de determination de deterioration du catalyseur a trois voies pour determiner la deterioration dudit catalyseur a 
trois voies (14), dans lequel lesdits moyens de determination de deterioration de I'absorbant de NOx (15) deter- 
mined la deterioration dudit absorbant de NOx (15) selon les premiere et seconde periodes de temps de retard 
de reponse (TMON2, TMON3) et le degre de deterioration dudit catalyseur a trois voies (14). 

4. Systeme de commande de remission des gaz d'echappement selon la revendication 3 comprenant en outre un 
troisieme capteur de concentration d'oxygene (1 7) pr6vu en amont dudit catalyseur a trois voies (1 4), dans lequel 
lesdits moyens de determination de deterioration du catalyseur a trois voies determinent le degre de deterioration 
dudit catalyseur a trois voies (14) selon la valeur de sortie (VLAF) provenant dudit troisieme capteur de concen- 
tration d'oxygene (17) et la valeur de sortie (SV02) provenant dudit premier capteur de concentration d'oxygene 
(18). 

5. Systeme de commande de remission des gaz d'echappement selon la revendication 1 , dans lequel lesdits moyens 
de determination de deterioration calculent une premiere valeur moyenne provenant d'une pluralite de valeurs 
mesurees de la premiere periode de temps de retard de reponse (TMON2) et une seconde valeur moyenne pro- 
venant d'une pluralite de valeurs mesurees de la seconde periode de temps de retard de reponse (TMON3), et 
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d6terminent la d6t6rioration dudit absorbant de NOx (15) selon les premiere et seconde valeurs moyennes. 
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FIG. 4 
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FIG. 5 
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